Heparanase is an endo-b-glucuronidase that specifically cleaves heparan sulfate (HS) chains. Heparanase is involved in the process of metastasis and angiogenesis through the degradation of HS chains of the extracellular matrix and cell surface. Recently, we demonstrated that heparanase was localized in the cell nucleus of normal esophageal epithelium and esophageal cancer, and that its expression was correlated with cell differentiation. However, the nuclear function of heparanase remains unknown. To elucidate the role of heparanase in esophageal epithelial differentiation, primary human esophageal cells were grown in monolayer as well as organotypic cultures, and cell differentiation was induced. Expression of heparanase, HS, involucrin, and p27 was determined by immunostaining and Western blotting. SF4, a novel pharmacological inhibitor, was used to specifically inhibit heparanase activity. Upon esophageal cell differentiation, heparanase was translocated from the cytoplasm to the nucleus. Such translocation of heparanase appeared to be associated with the degradation of HS chains in the nucleus and changes in the expression of keratinocyte differentiation markers such as p27 and involucrin, whose induction was inhibited by SF4. Furthermore, these in vitro observations agreed with the expression pattern of heparanase, HS, involucrin, cytokeratin 13, and p27 in normal esophageal epithelium. Nuclear translocation of heparanase and its catalytic cleavage of HS may play a critical role in the differentiation of esophageal epithelial cells. Our study provides a novel insight into the role of heparanase in an essential differentiation process.
Introduction
Heparan sulfate (HS) proteoglycans (HSPGs) are a family of macromolecules in which each member consists of a core protein and at least one HS glycosaminoglycan chain. HSPGs are key components of the cell surface and extracellular matrix. They are classified into several families according to the amino acid sequence of the core protein, and include perlecans, which are basement-membrane-bound HSPGs, and syndecans, which are cell-surface-bound HSPGs. HS chains bind to and regulate the activities of numerous signaling molecules, such as fibroblast growth factor (FGF) and vascular endothelial growth factor (VEGF). HSPGs have been implicated in diverse processes such as cell proliferation, cell-matrix and cell-cell adhesion, migration, angiogenesis, and wound healing (Schlessinger et al., 1995; Filla et al., 1998; Iozzo, 1998; Bernfield et al., 1999; Allen et al., 2001) . A recent report showed that loss of HS in human exostosis was associated with cell differentiation (Hecht et al., 2005) .
Heparanase is an endo-b-glucuronidase that specifically cleaves carbohydrate chains of HSPG (Nakajima et al., 1983 (Nakajima et al., , 1984 . Heparanase is involved in the degradation of both cell-surface and extracellular matrix HS chains in normal and neoplastic tissues (Toyoshima and Nakajima, 1999; Vlodavsky et al., 1999) . Many studies have demonstrated that heparanase is expressed in a variety of normal (Bernard et al., 2001; Haimov-Kochman et al., 2002; Chen et al., 2004; Goldshmidt et al., 2004) and malignant cells (Ginath et al., 2001; Gohji et al., 2001; Ikuta et al., 2001; Koliopanos et al., 2001; Ikeguchi et al., 2002; Shinyo et al., 2003; Simizu et al., 2003; Stadlmann et al., 2003; Zetser et al., 2003) , and is involved in tumor cell metastasis, angiogenesis, inflammation, tissue repair, wound healing, and embryonic morphogenesis by degrading cell-surface and extracellular HS chains and by releasing HS-binding factors such as VEGF (Saijo et al., 2003; Zcharia et al., 2004) . We previously demonstrated a correlation between heparanase expression and poor prognosis, cell invasion and angiogenesis in gastric cancer, esophageal cancer, and colon cancer (Takaoka et al., 2003; Nobuhisa et al., 2004; Ohkawa et al., 2004; Okawa et al., 2005) .
It has long been reported that HS is present in the nuclei of several cells (Fedarko and Conrad, 1986; Ishihara et al., 1987; Fedarko et al., 1989; Ishihara and Conrad, 1989; Ishihara and Mamiya, 1989; Liang et al., 1997; Richardson et al., 2001; Hsia et al., 2003) . However, neither the mechanism underlying the regulation of HS nor its role in the nuclei are well understood, despite the suggestion that HS might regulate the nuclear processes (Kovalszky et al., 1998; Hsia et al., 2003) . Recently, the expression of heparanase in the nucleus and its involvement in degrading HS in the nucleus were reported, although heparanase is already well known as a secreted protein involved in the degradation of cell-surface and extracellular HS chains . We have recently demonstrated that the expression of heparanase in the nucleus correlated with the expression of differentiation markers in normal esophageal keratinocytes and in esophageal cancer tissues . Overexpression of heparanase in the nucleus induces differentiation of human breast cancer cells . However, the biological mechanisms and significance of the nuclear expression of both heparanase and HS is still unclear.
To clarify these mechanisms, we used primary cultures of esophageal keratinocytes established from normal human esophageal epithelium. In order to induce differentiation of esophageal keratinocytes, we used calcium and organotypic cell culture. It is well known that the program of keratinocyte differentiation induced by calcium is a multistep process defined by a cascade of interrelated changes in the expression of growth-regulatory and differentiation-specific genes (Hennings et al., 1980; Pillai et al., 1990; Jetten and Harvat, 1997; Bikle et al., 2001; Komuves et al., 2002) . In the present study, the expression of heparanase in the nucleus was detected in normal esophageal epithelium and in an esophageal keratinocyte differentiation model. By using this esophageal keratinocyte differentiation model and a heparanase-specific inhibitor, we examined the changes in expression and localization of heparanase and HS chains and elucidated a correlation between the nuclear translocation of heparanase and the expression of growth-regulatory and differentiation-specific genes.
Materials and methods

Tissue samples
Tissue samples were surgically resected at the Department of Gastroenterological Surgery, Okayama University Hospital, Okayama, Japan. Normal esophageal tissues were stained by Lugol's iodine, and strongly stained tissues were resected at a distant point from the tumor. Haematoxylin & Eosin (H&E) staining was performed to document the normal histology. From these tissues we made paraffin-embedded sections and frozen sections, and also established normal esophageal keratinocytes. The study protocol was approved by the Human Ethics Review Committees of the participating universities.
Cell lines
Primary esophageal keratinocytes from normal human esophageal tissues were established as described previously (Andl et al., 2003; Ohkawa et al., 2004) . Surgical specimens from normal esophagi were removed promptly and transported aseptically in Hanks' solution (Invitrogen) with 100 U/ml penicillin, 100 mg/ml streptomycin, and 5 mg/ml gentamicin (Invitrogen, Carlsbad, CA). Each tissue specimen was incubated with 1.5 U/ml dispase at 41C overnight and then incubated for 10 min with trypsin. The reaction was stopped with a soybean trypsin inhibitor (Sigma, St. Louis, MO) and centrifuged. The pellet was resuspended in keratinocyte-SFM medium (KSFM) (Invitrogen) supplemented with 40 mg/ml bovine pituitary extract, 1.0 ng/ml EGF, 100 U/ml penicillin, 100 mg/ml streptomycin, and 5 mg/ml gentamicin (Invitrogen). All three cell lines were subjected to experiments at passage 3.
To induce terminal differentiation in a monolayer culture, cells were treated with 1 mM of calcium chloride. After incubation for various periods at 371C, cells were solubilized in SDS-containing buffer for Western blotting or fixed in 20% formalin for immunohistochemistry.
Organotypic cell culture was performed as described previously (Andl et al., 2003) . In brief, 5 Â 10 5 esophageal keratinocytes were seeded onto a collagen matrix containing 7.5 Â 10 4 human skin fibroblast cells. After cell culture under submerged conditions for 4 days, cells were exposed to the air-liquid interface to induce terminal differentiation and cultured for an additional 6 days. The reconstituted epithelial sheets and the collagen matrix were fixed with 10% formaldehyde, embedded in paraffin, and subjected to histology and immunohistochemistry (Andl et al., 2003) .
Induction of esophageal keratinocyte differentiation by calcium
Keratinocytes were cultured in chamber slides or 10 cm dishes. When 50%-60% confluence was reached, the medium was exchanged for KSFM containing 1 mM calcium chloride. After incubation for various periods at 371C, cells were dissolved for Western blotting or fixed in 20% formalin for immunohistochemistry.
Heparanase-specific inhibitor (SF4) assay
A specific enzyme inhibitor of heparanase, uronic acid-type gemdiamine 1-N-iminosugar compound, called SF4, was obtained from Dr. Nishimura, Institute of Microbiological Chemistry (Tokyo, Japan). SF4 was used to inhibit heparanase as an already established pharmacological inhibitor at 100 mM, which is the established optimal concentration (Nishimura et al., 2000; Ohkawa et al., 2004) . Keratinocytes were cultured in chamber slides or in six-well dishes. When the cell culture reached 50%-60% confluence, the medium was exchanged for KSFM containing 0.09 or 1 mM calcium chloride with or without 100 mM SF4. After incubation for 2 or 24 hr at 371C, cells were dissolved for Western blotting or fixed in 20% formalin for immunohistochemistry.
Antibodies
Anti-human mouse heparanase monoclonal antibody was obtained from Novartis Pharma (Tsukuba, Japan); the monoclonal antibody reacted with both the 65 kDa proform and the 50 kDa mature form of human heparanase, as described previously (Takaoka et al., 2003) .
Anti-mouse monoclonal antibody for keratin 13 was purchased from Monosan (Am Uden, the Netherlands). Anti-mouse monoclonal antibody for involucrin (SY5) was obtained from Sigma. Anti-rabbit polyclonal antibodies for p27 were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-mouse monoclonal antibody for HSPG (10E4) was obtained from Seikagaku Co. (Tokyo, Japan).
Immunohistochemistry
Fresh-frozen sections of normal esophageal tissue were cut at a thickness of 5 mm and mounted on silanized slides (DAKO Japan Co., Tokyo, Japan). Frozen sections were cut and fixed in 20% formalin for 10 min at 41C. Primary keratinocyte cells were seeded into chamber slides and fixed in 20% formalin for 10 min at 41C. The fixed sections or cells were washed in PBS and incubated with a blocking reagent (DAKO Japan Co.) for 10 min. Primary antibodies were incubated for 1.5 hr at room temperature (dilution 1:50 for keratin 13) or overnight at 41C (dilution 1:500 for heparanase and involucrin, 1:200 for p27). After washing with PBS, the primary antibody-reacted sections or cells were incubated with fluoresceinor rhodamine-conjugated secondary antibody (Chemicon, Temecula, CA) for 30 min at 371C. Stained sections or cells were exam-ined under an OLYMPUS microscope and imaged with a digital camera.
Paraffin sections (5 mm thick) were mounted on silanized slides (DAKO Japan Co.), de-paraffinized in xylene for 20 min, and rehydrated in graded ethanol solutions. Endogenous peroxidase was blocked by incubating the sections in 3.0% H 2 O 2 in methanol for 10 min. Antigen was retrieved from paraffin sections twice by heating in 10 mM citrate buffer solution (pH 6.0) in a microwave for 5 min. After the blocking of nonspecific reactivity with rabbit serum for 15 min at 371C (Histofine SAB-PO kit; Nichirei, Tokyo, Japan), primary antibodies were incubated for 1.5 hr at room temperature (dilution 1:100 for HSPG) or overnight at 41C (dilution 1:500 for heparanase). The distribution of the primary antibody was identified by subsequent application of a biotinylated anti-primary antibody (Histofine SAB-PO kit) and streptavidin-peroxidase (Histofine SAB-PO kit). Immunostaining was developed using DAB/H 2 O 2 solution (Histofine DAB substrate kit; Nichirei, Tokyo, Japan).
To confirm the specific immunoreactivity of the anti-HS antibody, we performed immunohistology of the tissue specimens before and after treatment with flavobacterial heparitinase. Paraffin sections were treated with 50 mU/ml of heparitinase I (Seikagaku Co.) for 1 hr at 371C before the incubation with anti-HS antibody.
Confocal microscopy
We used a confocal laser-scanning microscope (LSM-510, Carl Zeiss, Oberkochen, Germany) to observe the localization of heparanase in cultured keratinocytes and imaged with a digital camera at specific magnifications.
Western blotting
Western blotting was carried out as described previously . Cells were lysed in lysis buffer containing 50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 0.5% Triton X-100, and protease inhibitors (0.2 mM phenylmethylsulfonyl fluoride, 0.2 mM 4-(2aminoethyl) benzenesulfonylfluoride, 10 mg/ml leupeptin, 10 mg/ml pepstatin, and 1 mg/ml aprotinin). Lysis was carried out at 41C for 30 min and centrifuged at 15,000 rpm.
Nuclear extracts of esophageal cancer cells were collected using NER-PERt extract reagent (Pierce, Rockford, IL). The protein concentration of the supernatant was determined using the Bio-Rad Protein Assay (Bio-Rad, Hercules, CA). Equal amounts of proteins were electrophoresed under reducing conditions on 12% or 8% polyacrylamide gels. Proteins were electrophoretically transferred on Hybond-PVDF transfer membranes (Amersham, Arlington Heights, IL). Each membrane was blocked with 5% skim milk in 0.2% Tween-20 in TBS before incubation with primary antibodies (diluted 1:500 for heparanase and involucrine, 1:200 for p27, 1:1,000 for b-Actin, and 1:100 for TFIIH as a control for nuclear protein) overnight and then treated with a peroxidase-linked secondary antibody. The Amersham Enhanced Chemiluminescence Western Blotting System (Amersham, Tokyo, Japan) was used to detect secondary probes.
Results
Expression of heparanase and HS in normal esophageal epithelium
Heparanase was detected from the basal to parabasal layers, and was expressed especially strongly in the nucleus (Figs. 1A a,c) . HS was expressed both on the cell surface and in the nucleus. The expression of HS in both the cell surface and nucleus gradually weakened and finally disappeared in the upper half of the epithelium (Figs. 1A b,d) . The nuclear HS level was reduced in the cells expressing a higher level of heparanase.
Immunoreactivity of the anti-HS antibody was totally abrogated by pre-treatment with bacterial heparitinase I (Fig. 1B) .
Expression and localization of heparanase and HS in normal esophageal keratinocytes
The expression and localization of heparanase and HS were examined by immunohistochemistry on a confocal microscope. Heparanase showed perinuclear expression in undifferentiated normal esophageal keratinocytes (Fig. 1Ae ). HS was detected in the nucleus and cytoplasm (Fig. 1Af ).
Change in heparanase localization during keratinocyte differentiation induced by calcium Previously, it was reported that calcium induces terminal differentiation of cultured keratinocytes. We increased the concentration of calcium in the medium to 1 mM, and made a differentiation model of esophageal keratinocytes. The changes in the expression and localization of heparanase protein were examined by confocal microscopy and Western blotting. In the calciuminduced differentiation model, heparanase translocation into the nucleus was observed 30 min after differentiation induction, and its expression level remained high between 1 and 3 hr. After 6 hr, heparanase was detected in both the cytoplasm and the nucleus ( Fig. 2A) .
The results of Western blotting (Fig. 2B ) confirmed the translocation of heparanase observed in the immunohistochemistry. In whole-cell lysates, there were no significant differences in the heparanase protein levels during the keratinocyte differentiation. However, similar to the results from immunohistochemistry of the esophageal epithelium, the nuclear protein level of heparanase increased 1-3 hr after differentiation induction. Heparanase was detected in the nucleus in the early stage of keratinocyte differentiation. In our study, a significant amount of the 50 kDa form of heparanase was consistently detected in the nucleus and cytoplasm; however, very low levels of the 65 kDa form also appeared in some cases.
Changes in HS expression during calcium-induced keratinocyte differentiation
In the esophageal keratinocytes, HS was detected in the nucleus and cytoplasm. In the calcium-induced esophageal keratinocyte differentiation model, HS in the nucleus was thoroughly reduced after 24 hr compared with HS in the cytoplasm (Fig. 3A) .
Disappearance of HS in nucleus was inhibited by SF4
By using the heparanase-specific inhibitor SF4, we investigated the relationship between the appearance of HS and the expression of heparanase. The inhibition of heparanase activity blocked the disappearance of HS in the nucleus after 24 hr. However, SF4 did not inhibit translocation of heparanase into the nucleus (Fig. 3B) .
This result clearly suggested that heparanase migrated into the nucleus and degraded the HS in the nucleus.
P27 and involucrin expression in a calcium-induced esophageal keratinocyte differentiation model
We used p27 and involucrin as differentiation-related factors of keratinocyte (Jetten and Harvat, 1997) . The increase in p27 expression started 2 hr after differentiation induction by adding 1 mM calcium chloride, and the involucrin protein level increased after 24 hr (Fig. 4A ). In the calcium-induced differentiation of keratinocytes, the increase in involucrin protein was observed after up-regulation of p27.
Inhibition of p27 and involucrin appearance stimulated by SF4
Next, we used SF4 to investigate the relationship between the degradation of nuclear HS and the expression of genes related to the differentiation, such as p27 and involucrin. When SF4 inhibited heparanase activity, p27 did not appear even after 2 hr. At 24 hr after differentiation induction, SF4 likewise inhibited the involucrin expression (Fig. 4B) .
The results suggested that the degradation of nuclear HS correlated with the expression of differentiation-related factors, such as p27 and involucrin, in the calciuminduced esophageal keratinocyte differentiation model.
Heparanase is also translocated into the nucleus by keratinocyte differentiation in an organotypic cell culture condition
In order to elucidate the role of heparanase in esophageal cell differentiation, we determined the expression of heparanase in reconstituted esophageal epithelial cells grown as an organotypic culture. As shown in Fig. 5 , heparanase was detected at perinuclear site in several cells of the basal layer. From the basal layer to the parabasal layer, heparanase was strongly expressed in the nucleus. These results indicated that heparanase also translocated into the nucleus by keratinocyte differentiation in the organotypic culture condition. Fig. 2 Heparanase protein was determined by immunohistochemistry using confocal microscopy (A) and Western blotting (B). Cells were treated with calcium chloride for the time period shown. After 30 min, heparanase started to move from the perinucleus into the nucleus. Its nuclear expression was especially strong between 1 and Relationship between heparanase expression and expression of differentiation-related factors such as keratin 13, involucrin, and p27 in normal esophageal epithelium Heparanase was expressed from the basal layer, and p27 appearing in the early stage of differentiation was also expressed from the basal layer. The distribution of keratin 13 showed that the keratin expression pattern changed in the second layer. Involucrin, as a specific marker of early stage of differentiation, was detected from the third or fourth layer (Fig. 6) .
The distribution patterns of keratin, involucrin, and p27 demonstrated that the differentiation of esophageal epithelium arose from the basal layer. The in vitro data suggest that heparanase expression correlated with these differentiation markers.
Discussion
Our study demonstrates three major findings on heparanase. Firstly, heparanase was found to translocate into the nucleus during the normal esophageal keratinocyte differentiation induced by calcium and in the organotypic cell culture condition. This study confirmed the localization of heparanase protein in normal esophageal epithelium and normal esophageal keratinocyte. In vivo data showed that heparanase protein was strongly detected in the nucleus, as we demonstrated previously (Okawa et al., 2005) . In vitro data showed that heparanase protein translocated from the area around the nucleus into the nucleus and from the nucleus to the entirety of the cell in the calcium-induced differentiation model and in the organotypic cell culture.
Several studies reported that heparanase was localized within lysosomes perinuclearly and that processing and activation of latent heparanase occur in lysosomes (Klein et al., 1995; Goldshmidt et al., 2002; Zetser et al., 2004) . In our study, heparanase localized at perinuclear sites in keratinocytes when they were not stimulated by calcium, suggesting that heparanase in undifferentiated Fig. 3 In calcium-induced esophageal keratinocyte differentiation, heparan sulfate (HS) in the nucleus almost completely disappeared after 24 hr compared with that in the cytoplasm (A). SF4 is a specific enzyme inhibitor of heparanase. The inhibition of heparanase activity blocked the disappearance of HS in the nucleus after 24 hr. However, SF4 did not inhibit the translocation of heparanase into the nucleus (B). Magnification: Â 400. Fig. 4 In the calcium-induced differentiation of keratinocyte, the increase in p27 expression started at 2 hr. The involucrin protein level increased after 24 hr (A). The concentration of calcium ion used in the differentiation induction experiment was 1 mM. (B) Shows that p27 did not appear after 2 hr, when heparanase activity was inhibited by SF4. After 24 hr, the expression level of involucrin was likewise inhibited. esophageal keratinocytes is stored in lysosomes. Heparanase was secreted from lysosomes and moved to nuclei by stimulation of keratinocyte differentiation. Although the exact mode of heparanase translocation into the nucleus requires further investigation, our recent study demonstrated that nuclear translocation of heparanase occurred by passive transport (unpublished result).
Secondly, heparanase in the nucleus was found to mediate the degradation of HS in the nucleus. The active form of heparanase in the nucleus is known to degrade HS . In this study, the active 50 kDa form of heparanase was detected in both the nucleus and cytoplasm, suggesting that the nuclear translocation of heparanase leads to the degradation of HS in the nucleus. Hiscock et al. (1994) reported that HS did not exist in nuclei in rat ovarian granulose cells. They analyzed the nuclear fraction using Superose-6 chromatography and concluded that HS was not detected in the nuclei pool. Such a controversial conclusion might be due to the difference in analytical methods. We also have to consider the unique variation of biological roles of HS depending on the organs and cells. We will discuss more about this issue in the near future, by applying new techniques. To clarify the specificity of the anti-HS antibody used in our experiment, we treated the paraffin-embedded sections of normal esophageal epithelium with heparitinase I before the reaction with the anti-HS antibody. As the result, HS was not detected by the anti-HS antibody after treatment with heparitinase I (Fig. 1B) . Therefore, we confirmed the specificity of the anti-HS antibody and the localization of HS in the nuclei.
Next we used SF4, an uronic acid-type gem-diamine 1-N-iminosugar, as a heparanase-specific inhibitor. Although SF4 did not inhibit the nuclear translocation of heparanase, it inhibited the degradation of HS in the nucleus. This result clearly demonstrated that the disappearance of nuclear HS in the calcium-induced keratinocyte differentiation model was caused by heparanase translocated into the nucleus. In the immunohistochemistry of normal esophageal epithelium, HS in both the cell surface and nucleus gradually disappeared under the upper half of the epithelium. The in vitro data indicate that the disappearance of HS in the normal esophageal epithelium correlated with the expression of heparanase, which was expressed mainly in the nucleus.
Thirdly, the role of heparanase in the normal esophageal epithelium strongly correlated with cell differentiation. Previously, we showed that the appearance of heparanase in the nucleus correlated with differentiation of esophageal cancer and breast cancer cells . The results of the present study are compatible with these previous findings.
In the present study, the block of heparanase-mediated degradation of HS in the nucleus caused significant changes in the expression of genes related to keratinocyte differentiation, such as p27 and involucrin, in the calcium-induced esophageal keratinocyte differentiation.
It has been reported that the growth arrest induced by the increase of a cdk inhibitor such as p27 occurred at an early stage of calcium-induced keratinocyte differentiation, and that at a later stage a differentiation marker such as involucrin is expressed (Jetten and Harvat, 1997) . The results obtained from the esophageal keratinocyte differentiation model in our study are compatible with these previous findings. Our study also showed that the degradation of HS in the nucleus by heparanase correlated with the calcium-induced differentiation of esophageal keratinocyte from the early to late stages of cellular differentiation. The in vitro data indicate that the expression of heparanase in the nucleus and the disappearance of HS in normal esophageal epithelium correlated with the expression of p27, which was detected from the basal layer, and with the expression of involucrin, which was detected from the third or fourth layer.
In this study, it is still unclear why the nuclear translocation of heparanase is correlated with gene expression involved in keratinocyte differentiation. However, it was shown previously that nuclear fibroblast growth factor receptor-1 worked as a transcriptional regulator and correlated with cAMP-induced differentiation of human neuronal progenitor cells (Stachowiak et al., 2003a (Stachowiak et al., , 2003b . HS in the nucleus was known to accumulate and regulate HS-binding proteins, such as FGF Fig. 6 Relationships between the expression of heparanase and differentiation-related factors such as keratin 13, involucrin, and p27 in normal esophageal epithelium. The distribution patterns of ker-atin, involucrin, and p27 demonstrated that the differentiation of esophageal epithelium arose from the basal layer. and topoisomerase 1, in the nucleus (Kovalszky et al., 1998; Richardson et al., 2001; Hsia et al., 2003) . The release and action of these HS-binding proteins in the nucleus, induced by the nuclear translocation of heparanase, may be the cause of the gene expression related to keratinocyte differentiation.
HS exists very widely in the cell surface, nucleus, and extracellular matrix. Heparanase is a very important enzyme for the regulation of HS and HS-binding proteins. In conclusion, this study presented new findings indicating that heparanase regulates the differentiation of normal esophageal epithelium through nuclear translocation and nuclear HS cleavage, and that heparanase is very important for normal esophageal epithelium development.
